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Another possibility involves removal from the animal of immunoglobulin-producing cells generated by the animal 

t^ZZlT, m K a,er,al ' ,0 "° Wed by in vto Se ' eCti0n °' ce,ls P raducin 9 immunoglobulin of interest Tfe 

immunoglobulin can then be produced in vitro from the selected cells in known manner. 

It has been found that a transgenic animal can produce chimaeric orforeign immunoglobulin (derived from inserted 
P m resp 0nse , 0 lmmunogen subsepuently introduced to , he anjma) * * £ «»«tod 

Zu,lT ,7 ,0r H SUbS,ant,al,y ,hS entirS SpeCi6S S P 6Ci,iC ^ of a " immunoglobulin i, may be £ sL t 
simulate the an.mal to produce foreign immunoglobulin to any antigen introduced to the animal. The transgenic animal 

antigens" " " ^ ^ °' human — oglobu.ins to a^ ge r^ge 0 J 

It is thought that it may be important for the inserted DNA to be integrated in proximity on the genome for successful 
earrangement. The inserted DNA may thus be in the form of DNA Coned into proka,yotic vecLs Tuch ^ 
and cosmds. Muit.p.e plasm.ds or cosmids may also be used, but it is probabV necessary for these to intS in 

Z Zllt n, Tr . h ' M V (19B7) " CIOnin9 0< lar9e se 9 ments of exogenous DNA into yeast 

Rtt« AIT r wh o°rfr e VeCt ° rS " SCienC6 ' SS' 806 - S1 2) ' ° r b * in,roduc,ion ° f chromosome fragments (see 
"aom n,"sctnce 245 t7^ 

ZTdna —' chromosome or DNA fragments may also be used as the source of the 

« dure^nto JX^T ^ "* * *' *" h conven,i ° na ' ™nner, <* example by injection or other proce- 

dures into fertilised eggs or embryonic stem cells. 

CD nln, a ^ e COnVe !! e ?* 0 f h ° St 3nimal ' hat ini,ia " y d ° eS n0t carry genetic material encodin 9 immunoglobulin 
constant reg.ons so that the resulting transgenic animal will use only the inserted foreign genetic material when pro- 

tTlZTTT*- 1"* r bS 3ChiSVed Sither by USin9 3 natUfally ° ccuring « host lacking th^ relevant 

2S T"T J 3 C,a " y makin9 mUtantS 69 in CS " HneS Uftimate| y to crea,e a host <™ which the relevan 

25 genetic material has been removed. 

will I" 1 Carri6S 9SnetiC materia ' enC ° din9 immunoglobulin constant regions, the transgenic animal 

d ive^roJ Z t V ? CCUnn99enetic material »" the i^erted genetic materia, and will produce immunoglobu.ins 
I' f ? naturally occuring genet.c material, the inserted genetic materia, and mixtures of both types of genetic 
ma.enal. In this case the des.red .mmunoglcbulin can be obtained by screening hybridomas derived from the transgenic 
™ animal, eg by exploiting the phenomenon of a.le.ic exclusion of antibody gene expression or differential chromosome 

ha^Jinf ^r 6 ^ inVen, ' 0n Pr ° dUCeS 3 trans 9 enic animal, particularly a non-human mammal, which 

os tZ T T ? 3 9Sne Se9ment C ° ding ,0f 9 human immunoglobulin heavy chain region wherein said 
Tk" ' S " ,U " y rSarran9ed f0rm ' SUCh th3t the ° NA is rearran 9 ed in ,he ani m a l to encode a repertoire of 
immunoglobulins with part or parts derived from the inserted DNA and expressed in cells or suitable body fluid of the 

wi,h Ihf inV6n ! i0n alS ° ir L ClUd6S With ' n i,S SC0PS an 'mmunoglcbulin obtainable from a transgenic animal in accordance 
with the invention or produced by the method of the invention. 

that tlZnTZ?*;- ' ineS ^. ,ranS9enic mice were ^tablished. carrying a DNA segment introduced into their germline 
that contains germl.ne-configuration immunoglobulin VH genes, some of the D segments, and all the JH and Cmu 
gene segments. One of the VH genes, all the JH segments and the exons encoding the secreted heavy^hain constant 
eg.cn of IgM antibody were of human origin, with the remaining material being of mouse origin. The gene segments 
undergo productive VH-D-JH joining in the fymphoid tissue o, the transgenic mice, with resuitant synthesis of hu^ 
man/mouse chimaeric IgM antibody in serum. 

Following immunisation, hybridomas have been established by fusion between spleen cells from the transgenic 
mice with the NSO myeloma. Many of the hybrids secerete human chimaeric IgM monoclonal antibodies These lines 
of transgenic mice can therefore be used for the production of chimaeric human antisera or monoclonal antibodies 

Further, the mice make a response following immunisation with human antigens, producing chimeric antibodies 
to introduced antigen, and this approach should therefore also prove useful for the production of a repertoire of con- 
ventional human or chimaeric human antibodies directed against human as well as heterologous antigens as the 
transgenic mice will not be tolerant to human antigenic determinants. 

In another example, transgenic mice carrying exclusively human VH, D, JH and C mu sequences were produced 
by inject.ng into fertilised mouse eggs cosmids containing human VH genes. D segments, J segments and the C mu 
constant region. Resulting mice produced between 10 and 100 ug/ml antibody containing human mu chains in their 
serum, with mouse IgM being present at about 200 ug/mh 

nan In 6 1"" 6 "" 0 " Wi " I" u rther d6SCribed ' b V wa V oi "Oration, in the following Examples which refer to the accom- 

panying drawings, in which: 
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The taH Enhancers: 



mouse enhancer is included within the 1 Kb Xbal fragment. 
The Switch region and Cmu region 



The 7. 5 Kb Xbal fragment of human DNA includes the mu switch region and axons 1 to 4 of th„ m„ h 
constant region. The mu membrane exons and thPh.iikmthn in, r„„K , 1 ? to 4 of the mu heavy-chain 

exon are provided by a 2 5 Kb Hind!^M«i™«. , h CmU4 6X ° n and the CmuMI ™mbrane 

to a Bgll, site by use of Hnkers. ' ^ °' m ° USe mU CH 96ne in which ,he S ^ site was converted 



The Transgenic mice 



1 7. 465-469]. Southern blot anaJyaS^ l " 6ik « a '" ^ J. Immuno,. 

subsequent worK was performed on offspring, of *™ 0 'd mi e ^ g 7 9 Tn d ^i.oTwhich "'T"" T 

(2-5) of copies of the mini-locus. 9 ' 29 a " ot whlch carr > a low number 

Serum Assays 

Hvbridomas from transgenic mice 

Transgenic mice were immunised intraperitoneal^ with either human red blood cells or sheeo red blood 

DNA Re arrangement cf the mini-locus 



Transcription of the mini-locus 



to rearrange and thus create a cell-line that secretes a chimaeric human IgM antibody. 
Antibody secretion bv hy bridomas from the transg enic mir. 

Protein production by cloned hybridoma cell-lines was analysed by use of biosynthetic labellino. with L psc, mB 
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A shirt ol the profiles to the right (increased fluorescence) denotes a positive stain that can nniu h « 



Table 1 
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All concentration in up/ml 



Antibody in 


the body fluids of |gA2, lambda 1-mice 




lgA2 ar 


iti NP Ab 


Total kappa bearing Ab 


Mouse 


Serum 


Milk 


Colostrum 


Milk 


Colostrum 


TGI 


10 


06 


2 1 


960 


600 


TG2 


6.3 


0.56 


1.4 


1000 


420 


TG3 


11.3 


1.3 


ND 


735 


ND 


TG4 


7.3 


0.8 


1.4 


780 


660 


TG5 


30 


7.6 


10.0 


1250 


ND 


TG6 


34.6 


5.0 


10.0 


500 


600 


TG7 


6.3 


0.64 


0.93 


780 


600 


Control 


0 

_ 


0 


0 


1136 


660 


ND, not determined 
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Claims 



thaTS 1 P ■ B " ™ n °9 iobulin - """Prising inserting info the germline of a non-human animal DNA 
TaZttZ T T ? S ! 9ment C ° din9 f ° r 91 ' eaSt Part °' an —ogiobulin of human origin whichTndudes 
r«™ IT u 9 l° r 3 hUma " immun °9 lobulin h~vy chain region wherein said gene segment is not 2 f uHv 
rearranged form, such that the DNA is rearranged in the animal to encode a repertoire of imZoalobulns wi h 

SlIoZ?";"' "7 inS6rted ° NA SXpreSSed " C6l,S ° r b0d * ™ °< aZa" 9 d obtain^ 
immunoglobulin from cells or suitable body fluid of the animal. owning 

2. A method of producing an immunoglobulin to a particular antigen, comprising producing a transgenic non-human 

35 ofTuman 7 ^ 

of human or g,n wh.ch includes a gene segment coding for a human immunoglobulin heavy chain region such 

ntaHo h ° re,9n ° ri9in Und6r90eS or mutation in the lymphoid thZ of th eTns^l 

:ZlZcH>™ 3 ""I 7 ° rear T 9ed 9eneS th3t SnCOde '™™»#*"*», immunglobulin fragments or mm" 
nog obulm chime nc molecuies such that, following challenge of the transgenic animal with a particular antigen 

flu^fTraS h f ntigen " enC ° ded by rearranSed ° r mU,ated DNA is «P«i ^ cells or body 

fluid of the animal, and obta.n.ng immunoglobulin from cells or suitable body fluid of the animal. 

3 ' . A he m a e nim a r COrdin9 * ' °' * Wherem P ° lyC ' 0nal ^i* 9 "™ C ° mprisin9 ,he h»™nogtabulin is obta^ed from 

4 - i^SSSS^:^ wherein monoclona ' an,ib0dy comprising ,he is 

5 ' anS^ aCC ° rdin9 IO Cla ' m 1 ° r 2 ' Wh6rein immun °9 lobulin is P ra ^ced in a body fluid or secretion of the 
S ' tnZT* aCC ° rdin9 '° C ' aim 1 ° r Z Wher9in immun °9 iobu,in is P raduce d in vitro from ce.ls obtained from the 

ss 7. A method according to any one of the preceding claims, wherein the inserted DNA encodes substantially the entire 
species specific regions of an immunoglobulin. auubianiwiiy me enure 



8. A method according to any one of the preceding claims, wherein the transgenic 



animal is a mouse. 
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.m. Anzanl von lm mu nglob u «„o„ ™, 9 „om T.l ota Teta L ™ - »a„ang,.n »,d. „ dal! si , 

Revendications 

immunoglobulins tforigine humaine WuStS^lj? T COdan ' P ° Ur 30 m °' nS une ? artie d ' u ™ 
d-i mm uno g ,obu l inehuline, da n SlBq u; S ^££^2? ^ T **" * ^ '° UrdeS 
tel que I'ADN aoit rearrange dans I'animal pour coder un SZ2 J- asS0Usune f0(Tne ^tierement rearrange, 
derivee(s) de I'ADN insere et wJ^^^^T^ ^ mun< ** ulh " avec ou des parties 

2 ' » ."ft- Particuiier, consist * produire un 

codan, pour une region de chatne Tou'rd d' ZZZll 2T" ^ 'T^^ de *™ 
subisse un rearrangement ou une mutation c2.TS^i^ ( .T7 e, 

variete de genes rearranges qui coden, des Immunol obu nT h , 3 tranS 9^ Ue P° ur P^Uire une 

cules chimerics dNmmunoglobuline ^TZS^Z^! d ' immuno 9^ulines ou des mole- 

ticulier. I'immunoglobuline dirigee contre" antio^e n , r ! rM trans 9^ ue ^vec un antigene par- 
* s'exprime dans £ cel.ules ou^n ^ c'^^^^^ ° U a ^ subi une mutaL 

4 d p ;^ t ^ 

5 ' I^riir , * -,0n 1 ° U 2 ' ^ ISqUel ''—^uiine es, pro duite dans un tiuide corpore, ou une 

5 



i une immunoglobulins. 
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de vertebre ou des fragments d'ADN P ' Chr0mosome art ^iel de levure ; ou un chromosome 
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